Differential effects of l-DOPA on monoamine metabolism, cell survival and glutathione production in midbrain neuronal-enriched cultures from parkin knockout and wild-type mice.
l-DOPA is the most effective treatment for Parkinson's disease but in isolated neuronal cultures it is neurotoxic for dopamine (DA) neurones. Experiments in vivo and clinical studies have failed to show toxicity of l-DOPA in animals or patients but that does not exclude the possibility of a toxic effect of l-DOPA on patients with certain genetic risk factors. Mutations of the parkin gene are the most frequent cause of hereditary parkinsonism. Parkin null mice have a mild phenotype that could be modified by different neurotoxins. The aim of this study was to investigate whether the toxic effects of l-DOPA on DA neurones are amplified in parkin null mice. We have measured the effects of l-DOPA on cell viability, tyrosine hydroxylase (TH) expression, DA metabolism and glutathione levels of parkin knockout (PK-KO) midbrain cultures. Neuronal-enriched cultures from PK-KO mice have similar proportions of the different cell types with the exception of a significant increment of microglial cells. l-DOPA (400 microm for 24 h) reduced the number of TH-immunoreactive cells to 50% of baseline and increased twofold the percentage of apoptotic cells in cultures of wild-type (WT) animals. The PK-KO mice, however, are not only resistant to the l-DOPA-induced pro-apoptotic effects but they have an increased number of TH-immunoreactive neurones after treatment with l-DOPA, suggesting that l-DOPA is toxic for neurones of WT mice but not those of parkin null mice. MAPK and phosphatidylinositol-3 kinase signalling pathways are not involved in the differential l-DOPA effects in WT and PK-KO cultures. Intracellular levels of l-DOPA were not different in WT and parkin null mice but the intracellular and extracellular levels of DA and 3-4-dihydroxyphenylacetic acid, however, were significantly increased in parkin null animals. Furthermore, monoamine oxidase activity was significantly increased in parkin null mice, suggesting that these animals have an increased metabolism of DA. The levels of glutathione were further increased in parkin null mice than in controls both with and without treatment with l-DOPA, suggesting that a compensatory mechanism may protect DA neurones from neuronal death. This study opens new avenues for understanding the mechanisms of action of l-DOPA on DA neurones in patients with Park-2 mutations.